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LECTURE II.1

Delivered on April 2Ulh.

THE PATHOLOGY OF THE CEREBRO-SPINAL
FLUID.

MR. PRESIDENT AND FELLOWS OF THE COLLEGE,-In my
last lecture I endeavoured to point out to you the physiology
of the cerebro-spinal fluid. I discussed its physical and
chemical properties, its source, its destination, and its func-
tions. To-day I propose to consider the pathology of the
cerebro-spinal fluid.

I will throw on the screen a lantern slide indicating the
pathological conditions which may occur in the fluid.

TABLE L-Cereb’l’(I-sp&iacute;nal F11&acirc;d and Pathological
Conditions.

PROPERTIES, SUBSTANCES, &C.

First as regards its physical properties. Even in marked

pathological conditions, such as general paralysis of the

insane, the fluid may appear clear like water, and only on
further investigation may its pathological changes be dis-
covered. Occasionally, however, the fluid may be turbid,
purulent, serous, fibrinous; its colour may be yellow, being
tinged with bile, red from the presence of blood, or

brownish-red from the presence of altered blood. In my
experience, however, which is a large one, I have very
seldom seen the fluid other than like clear water, excepting
always the presence of blood from the puncture of a small
vessel during the performance of the operation. There is
little to be said about its specific gravity, nor about the
reaction. A rough estimate has been made of the tension by

1 Lecture I. was published in THE LANCET of July 2nd. 1910, p. 1.

the number of drops per minute ; 60 drops is considered the
normal average. With hypertension an increased number of
drops will occur.
As regards the rest of the table there is little to be said

except as to the presence of drugs. As a rule drugs do
not pass into the cerebro-spinal fluid, and most observers
have not confirmed Majendie’s original observations relating
to the passage of potassium iodide into the cerebro-spinal
fluid, a fact upon which Majendie laid great stress as show-
ing the manner in which this drug benefited in such a
marked degree certain diseases of the nervous system.
Recently an important observation has been made by Ager.
He has obtained satisfactory results following the adminis-
tration of urotropine in meningeal affections ; the drug is
said to be excreted in the cerebro-spinal fluid in half hour to

one hour after ingestion, and to exert a marked anti-
bacterial effect. It was first employed in a case of cerebro-
spinal fistula following trephining for cerebral tumour, in
which the discharge became purulent. After the adminis-
tration of 30 grains daily for a week the temperature became
normal and recovery ensued. Experiments made on

animals have been confirmatory. It is known that tetanus
toxin does not pass into the cerebro-spinal fluid, but to this
I have already referred in my first lecture. I may, however,
remark that we should not expect the tetanus toxin to
be eliminated by the choroidal gland, but from the capil-
laries in the nervous substance. Here the affinity of the
toxin for the nervous matter would exert itself immediately.
Upon the escape of the toxin from the blood-stream there
should be in consequence no toxin free to pass into the sub-
arachnoid space from which the fluid is withdrawn.

CHEMICAL ALTERATIO8.

I will now pass on to certain chemical alterations, dwell-
ing more especially upon those to which we have given
attention in the laboratory at Claybury.
Proteins.-The amount of protein in normal cerebro-spinal

fluid is especially low (about 0-03 per cent.); serum-

globulin may be present in slight amount, but albumin
is absent. In acute and chronic inflammatory conditions,
in fact in all conditions where there is leucocytosis, there is
excess of globulin, and albumin and nucleo-proteins are

present. In cases of progressive degeneration, in spite of
the large excess of fluid, the amount of proteins is found to
be greatly increased. This excess consists of globulins,
nncleo-proteins, and a small amount of albumin, the greater
part being coagulable by heat between 3&deg;-80&deg; C. The excess
of globulin is the most marked, and Noguchi describes
the following method for its detection in a small quantity
of bloocl-free cerebro-spinal fluid. Boil for a few seconds
two parts of the cerebro-spinal fluid with five parts of a
10 per cent. butyric acid solution (in 0-9 per cent. sodium
chloride solution); then add one part of normal sodium hydrate
solution (4 per cent.) and boil again briefly. Noguchi states
that the fluid of parasyphilitic cases gives a granular or
flocculent precipitate on allowing the tube to stand for a
short time, and that cases of alcoholic psychosis, dementia
prasoox, imbecility, epilepsy, and many other non-specific
diseases do not give any precipitate, but that cases of
tuberculous meningitis, pneumococcic meningitis, and epi-
demic cerebro-spinal meningitis give an enormous amount of
precipitate. I have applied this test to a considerable
number of fluids, and have obtained a positive reaction in
many non-specific cases, in fact, in all cases of dementia,
whether non-specific or specific, and have found that the
amount of precipitate is proportional to the degree of

degeneration of nervous tissue, being most marked in the

progressive degeneration of general paralysis of the insane.
Another test for the globulin present consists in allowing the
flnid to flow gently on to the surface of a saturated solution
of ammonium sulphate, when a characteristic white ring
appears which intensifies on standing. A rough indication
of the excess of protein can also be obtained by precipitating
the total protein content of the cerebro-spinal fluid with
three times its volume of absolute alcohol after rendering it

faintly acid with acetic acid.
Lipoids. -In the normal fluids no lipoids are present, but

in degenerative conditions of the nervous system, whether
primary or secondary, lipoids are present in the form of
cholesterol, or, as it was formerly termed, cholesterin, an
alcohol of the terpene series containing neither phosphorus
nor nitrogen. This substance, the method for detEcting

B
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which I shall point out presently, we have found present in
practically all cases of general paralysis and chronic
dementia. Generally speaking, the amount present, as
shown by the intensity of the colour reaction, is proportional
to the amount of wasting. It is of interest to note that
frequently in cases of chronic dementia and chronic wasting
diseases of the brain and spinal cord cholesteatomata of
the meninges are found, and I have even seen little plates
and nodules of a cholesterin-containing substance. The
term cholesteatoma was given to those bodies owing to the
fact that crystals of cholesterol are often found in their
centre. Besides cholesterol there are phosphatides, the result
of cleavage products of the lecithins and sphingomyelin.
The presence of lipoids is of interest and importance

because they are indicative of wasting of the nervous struc-
ture. Moreover, they are of importance in connexion with
the Wassermann reaction. Pighini asserts that cholesterol
is essential for the Wassermann reaction, but inasmuch as
we have found it in the fluid of diseases which do not give
the Wassermann reaction, I do not agree with this state-
ment. It seems much more likely that the Wassermann
reaction-a subject to which I shall allude much more fully
later-is connected with a particular form of eu-globulin.
Sugar.-The quantity of sugar varies in amount. Probably

the normal quantity in fluid withdrawn by lumbar puncture
is 0 15 to 0-18 per cent. If we could obtain it from the
subarachnoid space without admixture of the fluid as it is
secreted by the choroid plexus, it would possibly show a
higher percentage, approximating that of the blood. It has
long been known that the sugar is increased in diabetes, and
that it diminishes under the influence of treatment. The

relatively small percentage of sugar in the cerebro-spinal
fluid of cases of dementia prascox is interesting, and if in
a large number of cases we find this diminished quantity
prevails, the fact might be correlated with the clinical

symptoms of this disease.
Urea.-I have not made any estimations of urea. The

normal quantity is 0-15 per cent., and numerous observers
have shown that there is an excess in uragmia.

6’AKM.&mdash;Professor W. D. Halliburton and I made a
number of observations tending to show that choline
occurs in the blood and cerebro-spinal fluid in conditions
where a large amount of nervous tissue was undergoing
degeneration. The existence of choline was demonstrated
by physiological and micro-chemical tests. I am, how-

ever, of opinion from further observations that the micro-
chemical tests employed-i.e., the formation of choline
platino-chloride crystals-were unreliable, and that the

crystals we obtained were more often potassium and
ammonium salts; moreover, a number of post-mortem
fluids were used for our observations, and in the laboratory
we have found, using the periodide test (investigated by
Rosenheim), that a very small quantity of fluid obtained
from any post-mortem within a comparatively short time
of death gives the test ’denoting the presence of choline
or some substance from which choline is easily dissociable.
We have been unsuccessful in obtaining the test in fluids
obtained during life, even in the cases of general paralysis. A
large number of papers have appeared on this subject, and
the points under dispute are (1) the reliability of the
tests employed ; and (2) whether the substance present is
really choline or some other similar or even dissimilar pro-
duct of the cleavage of the complex phosphatide molecules.
The questions are difficult to settle owing to the small

quantity of the substance present in the fluid, but it would
appear that, although choline may be split off from the

phosphatide molecule during the course of active degenera-
tion of nervous tissues, it cannot exist as such in the alkaline
cerebro-spinal fluid. However, as our knowledge regarding
the exact chemical composition of the complex substances
of nervous structures increases, we may be able to ascertain
the nature of the cleavage products of these substances in
nervous degeneration.

I may remark that the potassium salts which are present
in relatively so large amount in brain tissue, and which the
experiments of Macdonald would suggest as being increased in
the fluid in cases of degenerative destruction of the nervous
system, are not appreciably altered in amount.2 This does

2 Myers has estimated the potassium salts in the cerebro-spinal fluid 
in a number of general paralytics and non-paralytics with the following
result. General paralytics (13 cases).--Average 0&middot;038 per cent. KCl.
(Highest, 0&middot;054 per cent.; lowest, 0&middot;027 per cent. KCl.) Non-paralytics

not prove, however, that the potassium salts do not pass into-
the cerebro-spinal fluid and blood and that they are not
increased, for it is extremely difficult to estimate differences
where such small quantities have to be dealt with. More-
over, seeing that the quantity of potassium salts is approxi-
mately the same as the blood, any increase would tend to
diffuse.

There is little more to be said about the chemical altera-
tions, but I will throw on the screen an outline of a rough
method for the chemical examination of the cerebro-spinal
fluid. Ten cubic centimetres of the centrifuged fluid, after
examination for cells has been made, are taken and rendered
faintly acid with acetic acid. Three cubic centimetres of
absolute alcohol are added and the whole gently heated on
a water bath for 15 minutes. After standing overnight it
is again warmed and filtered. The amount of protein can
be approximated at sight or weighed on a tarred filter-paper
or Gooch crucible, the amount of ash being sub.
tracted from the total weight of protein. The filtrate is
rapidly evaporated to dryness at a low temperature, the
residue is moistened, and a smear transferred on the end of
a glass rod to a slide, and one drop of a saturated solution
of iodine in 10 per cent. potassium iodide is added. The
mixture is now watched under the microscope, n;hen, it
okoUne is present, brownish-blaek reotang1/,Zar plates of choline,
periodide n;ill be formed. (Fig. 10.) The moisture is

FaG. 10.

Photomicrograph of crystals of choline periodide obtained
from a small quantity of the cerebro-spinal fluid of a non-
paralytic case, taken a few hours after death.

removed from the residue by evaporation, and another
extraction with absolute alcohol is made. The filtered
extract is evaporated to dryness and extracted with hot
chloroform. The volume of chloroform is reduced to about
2 cubic centimetres and the presence of cholesterol detected
by Liebermann’s test which is thus carried out. (Add to
chloroform solution a few drops of acetic anhydride, then
add concentrated sulphuric acid drop by drop. After a time
a rose colouration of the acid, and a violet colouration of

(4 cases).-Average 0’033 per cent. EC1. (Highest, 0-039 per cent.;
lowest 0’027 per cent. KC1.) These results were obtained from 10 cubic
centimetres of cerebro-spinal fluid in each case, and it was deemed
advisable, in repeating the work, to make determinations on appreciable
quantities of fluid from two or three cases instead of on smaller
quantities from each case. I have therefore examined larger quantities
of cerebro-spinal fluid obtained by adding together the fluids from
several cases of dementia pr2ecox and general paralysis with the
following results :-

Denaentia PJ’aecox. 

I 
General Paralysis.

1. 27-5 c.c. 0-033 per cent. KC1. I 1. 40 c.c. 0-038 per cent. KCI.
2. 27-5 c.c- 0-038 " " 

I 
2.* 40 c.c. 0’034 " 

3. 26.0 c.c. 0.030 ,, ,, 
&mdash;&mdash;&mdash;

Average 0.036 " "

Average 0-033 " "

All fluids used in this instance gave a positive Wassermann reaction.
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the chloroform turning to blue, then green, indicate the

presence of cholesterol.)
The test for sugar can be performed on one or more cubic

centimetres of the original fluid, and Noguchi’s and other
confirmatory tests may be made on any remaining fluid.
Many observations have been made based upon the examina-
tion of fluids obtained after death ; I have found, however,
that within a very short time after death the composition of
the fluid so alters that the results obtained are useless and

misleading.
Experiments show that if micro-organisms enter the sub-

arachnoid space they rapidly multiply in the cerebro-spinal
fluid and lead to a general colonisation. We may suppose
that the micro-organisms invade the perivascular lymphatics
and set up an inflammatory reaction therein, which if it
does not localise the spread will eventually lead to the

organisms getting into the subarachnoid space and by the
movement of the cerebro-spinal fluid lead to a general infec-
tion of the membranes.

PATHOLOGICAL CONDITIONS.

Time will not permit me to do more than summarise the
abnormal conditions of the cerebro-spinal fluid as a whole, and
I will throw on the screen a table illustrating the principal
features occurring in pathological conditions. In this table

you will observe that I have made four groups, and I shall
dwell more especially upon those points upon which my
assistants at Claybury and myself have chiefly worked, there-
fore about which I have special knowledge.

TABLE IL-Abnormal Conditions of the Ce’l’ebro-spinal1tlltid.
I. Cytological exanzi- 1. Polynucleal’ leucocytosis generally indi-

nation.-Normal fluid is cates microbial invasion of the subarachnoid
practically free from space by some organism other than the
cells. In pathological tubercle bacillus; but polynuclear cytosis
conditions an estima- may accompany lymphocytosis in a certain
tion is made of the proportion of cases of tuberculous meningitis.
type and number of 2. -Ilo no 12 uclea r I e ztcocytosis. -Whereas poly-
cells. nuclear leucocytosis points to an acute in-

flammatory affection of the meninges, mono-
nuclear leucocytosis indicates a chronic condi-
tion. It occurs almost invariably in syphilis
of the central nervous system, general
paralysis, tabes dorsalis, tuberculous mening-
itis, and sleeping sickness. It has been
found in other conditions-e.g., herpes zoster,
acute poliomyelitis, mumps, lymphatic
leukaemia, chloroma, and some cases of
cerebral tumour. Mononuclears may also
replace the polymorphs in the later stages of
microbial infection.

II. B a c t e l’ i ological The most important organisms found are:
examination. pneumococcus, streptococcus, bacillus tuber-

(a) Staining the centri- culosis, diplococcus intracellularis causing
fuged deposit. meningitis. Various other micro-organisms,

(b) Cultural methods. together with pneumococcus, pneumo-bacillus
(c) Inoculation. streptococcus, and staphylococcus may, as a

result of secondary or terminal infection,
invade the subarachnoid space.

1111. Protozoal ex- The only protozoon met with constantly in
aminl1tion. the disease which it ’causes is the T)-,yp.

(a) Staining the centri- ganibiei7se. Only once has the Treponema
fuged deposit. pallid1trn been found.

(b) Examination of a
hanging drop.

(c) Inoculation.

IV. Biochemical. The Wassermann reaction of the blood
serum combined with that of the cerebro-
spinal fluid.

SLEEPING SICKNESS, SYPHILIS, AND PARASYPHILIS.
The work in which I have been especially engaged has

been the investigation of the pathological conditions met
with in sleeping sickness, in syphilis, and in parasyphilis,
pathological conditions in which there are many points of
similarity. The meninges and perivascular lymphatics in all
three of these diseases are characterised by a lymphocyte
and plasma cell infiltration, and by a hyperplasia of the
neuroglia cells indicative of a chronic inflammatory pro-
cess, due in all probability in each case to toxic irritation.
In all three of these diseases the cerebro-spinal fluid contains
a large number of mononuclear cells-leucocytes.

I shall have occasion later to demonstrate other points in
connexion with the cerebro-spinal fluid in these diseases. You
will observe how similar is the appearance of the perivascular
lymphatics of sleeping sickness, general paralysis, and
syphilis. But the diseases in question present many patho-
logical differences which would explain the different clinical
phenomena. Let me first refer to sleeping sickness, a

disease caused by the ’l’ryp. galllbiense. Whether this
chronic irritation of the lymphatics is due to toxins pro-
duced by the invasion of the blood and lymphatic system of
the body generally or to the presence of the organism in the
cerebro-spinal fluid, is still a matter open to discussion, but
I think from the examination of the brains of over 30 cases
of this disease that there is a parallelism between the
somnolence or drowsy stupor which is the characteristic
feature of this disease and the degree and intensity of this
perivascular lymphatic cell infiltration. I would attribute
this to the interference with the circulation of the ambient
fluid of the neurons, whereby they suffer from an insuffi-
ciency of oxygen. It cannot be explained by an inter-
ference with the blood circulation, for the anasmia is not
intense enough ; it cannot be explained either by degenera-
tive changes in the nerve cells, such as we find in

general paralysis, for in those cases, and I may say they
were few, in which a secondary microbial invasion by
diplococci, streptococci, or staphylococci had not taken

place, the brain presented a normal appearance to the naked
eye. There was no wasting, and microscopical examination
did not reveal sufficient changes in the nerve cells to account
for the symptoms manifested during life. Europeans who
have suffered with sleeping-sickness, and a Congo native

speaking English well who died under my care in Charing
Cross Hospital, could be roused from their drowsy lethargy
to answer questions rationally-a very different condition to
that of general paralysis, where the auto-critical faculty is
almost invariably affected. The drowsy lethargy of this
disease I attribute then to the failure of the oxygen supply
to the cells of the cortex.
We can readily understand how this could be effected, if

the fluid which circulates in the perivascular lymphatics is
the ambient fluid that takes oxygen from the blood to hand
it over to the nerve cells ; this progressive, universal, and
intense inflammatory state of the perivascular lymphatics
would interfere with its flow and lead to deficient oxygen
supply. Moreover, there is a vicious circle established, for
the more these lymphatics become obstructed by the actively
growing young cells the more the oxygen that may be in the
fluid will be snapped up by them and the less will be at the
disposal of the nerve cells. Consequently, the oxygen supply
necessary for functional activity of the nerve cells becomes
progressively less and the drowsy stupor deepens propor-
tionately.
The experiments of Verworn, upon which I have not now

time to dwell, prove the importance of oxygen storage by
the nerve cells and the necessity of its supply for func-
tional activity. Moreover, the experiments of Baeyer and
Winterstein point to the fact that narcotics act by an inter-
ference with the capacity of the cell to take up oxygen,
whereas normal sleep is a habit on the part of the cell of
storing rather than of using oxygen.

In widespread generalised syphilitic meningitis and peri-
vascularitis a drowsy stupor is a frequent symptom, but I
attribute this in a measure to the interference with the
escape of fluid from the ventricles of the brain in some
cases, but in others, more particularly to the widespread
obliterative endarteritis affecting the small as well as the

large vessels, thus producing a generalised anasmia.
In general paralysis the perivascularitis may be very

intense, but never so intense as in sleeping sickness. The
dementia, which is the characteristic of the former disease,
is proportional to the atrophy and wasting of the cortical
substance, a condition which is not met with in either

sleeping sickness or syphilitic brain disease. It is a primary
decay of the neurons with secondary and proportional
vascular changes, whereas in syphilitic brain disease the
wasting and degeneration of the neurons occur in foci as a

result of vascular occlusion from endarteritis or the con-

sequent thrombosis ; the symptoms are obtrusive and coarse
and occur in sudden spells, whereas in general paralysis,
leaving aside the seizures which may occur, the disease is
insidious, continuous, and progressive.

In all these diseases, as I have said before, there is a mono-
nuclear leucocytosis of the cerebro-spinal fluid ; therefore,
diagnosis by cytological methods will not suffice. There is

generally also a hypertension of the cerebro-spinal fluid.
Now we can leave out a consideration of sleeping sickness,
for no one would diagnose that without finding the 7*.
garnbiense in the cerebro-spinal fluid, lymphatic glands, or

blood. The important point is the differential diagnosis of
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syphilis from parasyphilis of the nervous system. Of the import-
ance of this one cannot be too emphatic, for whereas syphilis of
the nervous system is curable or, at any rate, benefited by
mercurial treatment and administration of iodides, it is
doubtful whether parasyphilis is ever cured or even benefited
by this treatment, and in some cases it positively does harm.
And this leads me to say that I do not regard the diph-
theroid organisms described by Ford-Robertson as the
organism of tabes and general paralysis as in any way a
specific organism of this disease. My assistant, Dr.
J. P. Candler, made a special study of this subject, and we
have never been able to find the bacillus in the cerebro-
spinal fluid, and only on one occasion was it seen in the
blood, although we have examined a very large number of
specimens. I think, therefore, we can leave it out of
account as a means of diagnosis. Now I come to a very
important method of distinguishing syphilitic disease of the
nervous system from parasyphilis-I refer to the Wassermann
reaction.

THE WASSERMANN REACTION.
The Wassermann reaction since its introduction has had

many modifications, but it is a general opinion that,
although the theory upon which Wassermann based his,
method is wrong, yet empirically, although the method is
more tedious and more difficult of application, it is
nevertheless more reliable in its results ; and Dr.
Candler and Dr. J. Henderson Smith of the Lister
Institute have relied upon this method entirely for the
results which I shall place before you. The reaction is as
follows. A rabbit is immunised against the blood of the ox
-that is to say, several injections of washed ox corpuscles
are injected into the rabbit. The serum of this animal
has then the power of dissolving the red corpuscles of the
ox. This is owing to the presence of two substances-the
complement, which is thermolabile, and the amboceptor,
which is thermostable. If this serum is heated to 56&deg; C.
for 30 minutes it will no longer dissolve washed ox

corpuscles, but if some normal guinea-pig serum be added
the corpuscles are dissolved. This is due to the fact that
the thermolabile substance-the complement-has been
added, and in conjunction with the thermostable ambo-

ceptor has caused haemolysis.
The serum or cerebro-spinal fluid to be examined is mixed

in varying dilutions with a watery or alcoholic solution of
the liver of a syphilitic fcetus ; a small amount of guinea-
pig serum is then added, and the total volume made up to
2 cubic centimetres with saline solution. A series of tubes

containing these mixed solutions is placed in the incubator
at 370 C. for one hour and the sensitised ox corpuscles are
added. The mixtures are again placed in the incubator
for two hours at 370 C., then taken out and put on ice

overnight. The next morning the amount of haemolysis
in each tube is observed. A control experiment, using
normal serum or cerebro-spinal fluid, should be made
at the same time. A positive reaction is obtained when
the blood or cerebro-spinal fluid causes fixation of the

complement of the guinea-pig serum and haemolysis is

prevented.
It has been found that extract of guinea-pig heart, of

human heart, soaps, and lecithins may replace the extract
of syphilitic liver in this reaction. Consequently, the idea
of the antigen and antibody theory has been abandoned.
Still, it is everywhere accepted that the reaction is a most
reliable aid to diagnosis.

I have purposely omitted to give the details and pre-
cautions necessary for the satisfactory carrying out of this
reaction as they are given fully by Henderson Smith and
Candler. They have recently examined the cerebro-spinal
fluid of 127 cases of various forms of insanity. Of this
number, 64 were cases of general paralysis, and in 59, or

92’1 per cent., a positive result was obtained. Of these
59 cases, 21 have since died, and the clinical diagnosis of
general paralysis has been confirmed by the post-mortem
investigations. Fluids from 63 cases not suffering from
general paralysis were also examined, and in no single
instance was a positive reaction obtained. A few of these
cases have since died, but none showed at necropsy any
evidence of general paralysis. 17 out of the 21 cases of

general paralysis above referred to, which came to the post-
mortem table, showed before death an excess of lymphocytes
in the cerebro-spinal fluid.
The following table shows the results obtained by

Henderson Smith and Candler in general paralysis and
tabes, as compared with those collected from the literature.

TABLE III.-Comparison of Res1&Ucirc;ts obtained by Henderson
Smith and Candler with those collected from the Literrtecre.

Plaut, who was the first to adopt the Wassermann test for
the cerebro-spinal fluid, obtained as high a percentage as 90
out of 91 cases, and in every case the serum was positive.
He points to the fact that the Wassermann reaction may
occasionally be obtained before there is any cell increase in
the fluid, although this is the exception according to our

experience, yet in one of the cases the reaction was only
obtained a few days before death. The diagnosis was con-
firmed post mortem, macroscopically and microscopically;
the cerebro-spinal fluid was withdrawn two hours after death
and specimens of lateral ventricle fluid and serum from
this case gave strong positive reactions. In this instance,
then, although the fluid eventually became positive, it was
still negative until a short time before death, when the
disease was far advanced. In one of the cases the
fluid remained negative throughout. It is unusual to
obtain a positive reaction of the cerebro-spinal fluid in

syphilis of the central nervous system, although the fluid

may contain a large number of lymphocytes. There does not,
then, seem to be any correlation between the lymphocytosis
per se and the presence of the body which gives the reaction.
But although syphilis of the nervous system is not accom-

panied by the reaction in the cerebro-spinal fluid the serum,
unless the patient is under active treatment, always gives
the reaction. The explanation of this is somewhat difficult.

Concerning the chemistry of the Wassermann reaction I have
found that a fluid giving a positive reaction fails to do so
after the separation of the protein fraction. Sachs concludes
that the substance is a globulin and Noguchi has come to
the conclusion that the substance in the fluid causing the
reaction is attached to the eu-globulin, from which it cannot
be separated by solvents. In repect to the manner in which
this arises in the cerebro-spinal fluid several suggestions
offer themselves, one being that it is a transudation from
the blood. If it were so we should expect to find it in
cerebral syphilis, but as a rule this is not the case.

Inasmuch as I have shown that the cerebro-spinal fluid is
secreted by the choroid plexus I was naturally led to make
a comparative examination of this structure in general
paralysis and other diseases, but although the choroid
plexus in general paralysis as compared with other diseases
of corresponding age showed more frequently cystic degenera-
tion and denudation of the choroidal epithelium, still I was
unable to associate so far the two facts. A positive reaction
by the Wassermann method is not necessarily associated
with lymphocytosis, neither is lymphocytosis even with a
positive serum reaction necessarily associated with a positive
reaction of the cerebro-spinal fluid. It may be said that a

positive reaction of the cerebro-spinal fluid strongly points
to a parasyphilitic affection. Time will not permit me to
discuss certain theories which I have put forward in explana-
tion of parasyphilis and the presence in the cerebro-spinal
fluid of a body upon which the fixation of the complement
depends, but I have dealt with the subject in the Morison
Lectures of 1909. I will be content with giving three striking
examples out of a number of the value of this reaction.

CASES SHOWING THE APPLICATION OF THE TEST.

1. My attention was called to a case in one of the London
county asylums of a woman with double optic neuritis,
vomiting, and headache. I had her transferred to my care at

Charing Cross Hospital, and on examination Mr. E. T. Collins
found five dioptres of swelling in each disc. The cerebro-

spinal fluid contained an abundance of lymphocytes but the
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Wassermann reaction was negative. After treatment with
mercurial inunction the swelling of the discs rapidly sub-
sided, the vomiting and headache ceased, and she was able
to read small print, whereas formerly she could not read large
print. She was subseqqently discharged apparently cured.

2. The condition of a patient in one of the London county
asylums improved so much that the medical officers were
doubtful as to whether he was a general paralytic. The
Wassermann test was made on the cerebro-spinal fluid with
a positive result. I expressed the opinion that it was cer-
tainly a case of general paralysis and maintained that the
test was not likely to be wrong. He still continued to im-

prove and his discharge was contemplated, but the next time
I visited the asylum my prediction was confirmed. He had
had several seizures and within three months he died, and
the examination of the brain left no doubt as to the correct-
ness of the diagnosis.

3. A woman, aged 34 years, was admitted to Charing
Cross Hospital under my care, said to be suffering from tabes.
There were no signs of syphilis on the body. Her youngest
child was aged 4 years. Fifteen months previously she had
had a seven months stillborn child. Four months ago she
suffered with numbness in the legs, of which she took little
notice ; then she had double vision and tingling in the feet
and legs. For the past 14 days she had suffered with a
girdle sensation. She now complained of lancinating pains
extending from the back down both legs, unsteadiness in

gait and station, a feeling of the soles as if walking on cork,
and pain and cramp in the muscles of the legs. The

pupils were unequal and reacted sluggishly to light and to
accommodation, the knee-jerks were absent, there were

patches of anaesthesia on the legs, and a belt of
thoracic anxsthesia with girdle sensation. After inquiring
into the history and finding that she had suffered with head- Iache and squint, that the knee-jerks, which were absent on
admission, had returned a few days later, I concluded that
this woman, with a probable duration of infection of less
than four years, was suffering from pseudo-tabes, the result
of syphilitic meningitis, especially as she told me that she
had suffered with a slight stiffness of the neck. I then
obtained Kernig’s sign. The cerebro-spinal fluid showed
390 lymphocytes per cubic millimetre-an enormous number
for tabes dorsalis; this large number could only be accounted
for by a widespread active gummatous meningitis. She was

placed on mercurial inunction, and within a fortnight the
lymphocytes had fallen to 70 per cubic millimetre and
the fluid gave a negative Wassermann reaction. Unfor-

tunately, the blood was not tested on this or future
occasions. A fortnight later the cerebro-spinal fluid was
examined and only 20 lymphocytes per cubic millimetre were
found, the patient being almost well. A fortnight later there
were no lymphocytes and the fluid was still negative to the
reaction. The pains, anaesthesia, and unsteadiness had

entirely disappeared and the patient was quite well. Over a

year has elapsed and the patient is still quite well, but there
is no guarantee that she may not have a recrudescence of
symptoms, for my experience has taught me that if once the
contagion invades the subarachnoid space producing a diffuse
meningitis, symptoms of a latent affection becoming once
more active may supervene at any period after. 

’

In conclusion, I wish to acknowledge my indebtedness to
my assistants, Dr. Candler and Mr. Sydney Mann, for the
invaluable help they have afforded me in conducting these
researches and investigations.
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LECTURE IIL1

Delivered on June 21st.

MR. PRESIDENT AND GENTLEMEN,-I devoted the last

part of my second lecture to a short recital of the more

important facts known concerning anaphylaxis in order to
justify the statements made, that the constitutional sym-
ptoms observed during initial leucopenia are actually those
of anaphylactic shock, and that leucopenia is an integral
part of the phenomena of anaphylaxis.

INITIAL LEUCOPENIA IN THE ANAPHYLACTIC ANIMAL
AFTER INJECTION OF UNORGANISED ANTIGENS.

So far I have only described the initial leucopenia seen
after the intravenous injection of living and dead bacteria.
In order to complete the evidence associating this leucopenia
with anaphylaxis it is necessary to show that it occurs in the
case of unorganised antigens. For this purpose I have used
egg-albumin and normal horse serum.

CHART 6.

Showing the curves of the circulating lymphocytes and poly-
nuclear leucocytes after the intravenous injection of 3 cubic
centimetres normal horse serum into a rabbit previously
sensitised against that substance. Dotted line = lympho-
cytes. Continuous line = polynuclears

A normal rabbit received  cubic centimetre horse serum
intravenously. No symptoms of illness were produced, and
leucocyte counts, made at first every few minutes, showed no
initial leucopenia ; indeed, the counts were almost constant
for three hours. The lowest polynuclear count was 7614 per
cubic millimetre at the second minute. 42 days later
a second small dose of 1-250th cubic centimetre of serum
was given intravenously. Another 33 days were allowed to

1 Lectures I. and II. were published in THE LANCET of June 25th
(p. 1737) and July 2nd (p. 8), 1910.
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